Background: Pain in people with dementia is under recognized, underestimated, and under-treated due to the complexity of pain assessment in this population. Summary: Self-report tools are the gold standard of pain assessment. However, people with dementia are not always able to clearly and meaningfully self-report their pain. Self-report tools capture the affective experience of pain, which is impaired in people with dementia. Observational pain tools are more useful to assess pain especially in people with advanced dementia who are unable to self-report. Observational pain tools capture the physical component of pain experience, which is unchanged in people with dementia. However, nurses often misunderstand the behavioral changes associated with pain in people with dementia. Also, there is a huge inconsistency in presentation of these behavioral changes associated with pain among people with dementia as behaviors can be due to multiple different unmet needs, pain being one.
Introduction
The gold standard of pain assessment is verbal self-reporting, but meaningful verbal communication is not always possible for older adults with severe dementia (Lukas et al., 2012) . According to Horgas and Miller (2008) , the manifestations of pain in people with dementia (PWD) can also be assessed by observing changes in behavior. Changes in behaviors include odd facial expression, facial grimacing, negative vocalization, body guarding, and mood swing. However, neither self-reporting nor observation of changes in behavior are consistently interpreted accurately by nurses in PWD. This misunderstanding and misinterpretation of the behavioral changes contribute to ineffective or poor assessment of pain leading to unrelieved pain in PWD (Kovach, 2013) .
Pain in PWD often requires multidimensional assessment to ensure prompt and timely administration of analgesics and other nonpharmacological interventions (Park, Castellanos-Brownn, & Belcher, 2010 ). Yet nurses often use assessment tools that underestimate pain because of poor understanding of the differences between the physical and affective aspects of the pain experience and the best method to assess pain in PWD (Kovach, Morgan, Noonan, & Brondino, 2008) .
Physical Pain
Multiple regions in the brain act together to process the state of pain and they are able to modulate the experience of pain (Hugenschmidt & Sink, 2015) . There are specific types of nerve fibers located in the peripheral sensory system responsible for the transmission of pain signals to the spinal cord and somatosensory cortex (Hugenschmidt & Sink, 2015) . According to the gate theory, the physical component of pain experience caused by an external stimulus is moderated at the level of midbrain and in the spinal cord (Mendell, 2014) .
It is important to clearly understand and be aware of possible age-related or cognition-related changes of pain perception when examining and assessing the pain experience in older adults and their ability to self-report pain (Lautenbacher, Hofer, & Kunz, 2018) . Research to date is, however, fraught with inconsistent and contradictory findings. Some research studies have revealed that pain may be less frequent and less severe in PWD suffering from some acute medical conditions (Gibson, 2015; Hadjistavropoulos et al., 2015; Pignataro & Swisher, 2010) . Two recent studies (Riley et al., 2014; Stabell, Stubhaug, Flaegstad, & Nielsen, 2013) have revealed that pain threshold increases with age. However, a recent study revealed that whether there is no change or decrease in pain thresholds as age advances (Leegaard, Lomholt, Thastum, & Herlin, 2013) . Furthermore, another recent study (McDonagh et al., 2016) revealed that there is age-related loss in the structure and function of the peripheral nerve and central nervous system (CNS), which are involved in processing the physical component of the pain experience, causing reduced pain sensitivity in older adults. McDonagh et al. (2016) suggested that age-related changes in the processing and interpretation of pain may imped the sensation of pain among older adults, thereby reducing their ability to self-report pain and putting them at greater risk for poor assessment and ineffective management of pain. However, the change in pain processing during later life is more complex (Monroe, Carter, Feldt, Tolley, & Cowan, 2012) , as showed in another study (Horgas, Nichols, Schapson, & Vietes, 2007 ) that older adults become less able to endure strong pain sensations. Age-related physical/sensory changes in the CNS also explain reduced pain tolerance in the older adults (Hadjistavropoulos et al., 2014) . In combination, these findings showed that older adults might be more vulnerable for the negative health consequences of strong pain. Although the literature may show various findings regarding the decrease or increase of pain sensitivity with advanced age, it remains the common clinical experience of cognitively intact and communicating older adults that many medical and surgical conditions result in considerable pain in this population. Once can assume that although PWD suffer from loss of short-term memory related to recent experiences of pain, they would feel pain in real time for the same conditions in which cognitively intact people express pain.
Despite several research studies conducted about pain in PWD, it is still not clearly known if they have substantial changes in the physical component of pain experience. Some researchers have hypothesized that the physical component of pain experience may be compromised in PWD due to the disease process of dementia and its related neuropathological changes (Achterberg et al., 2013) . Also, according to Hadjistavropoulos et al. (2014) , in addition to age-related cognitive impairments, dementia may cause an additional burden of cognitive impairment and associated neurodegenerative loss. Therefore, the physical component of pain experience is compromised. Another consideration is that cognitively intact people often guard painful body parts and reduce their mobility, while PWD cannot cognitively process the cause and effect of movement and other behaviors associated with pain, thereby possibly worsening nociceptive pain.
However, some other research studies revealed that the somatosensory cortex is quite preserved in PWD, and hence the physical component of pain experience is more likely uncompromised in PWD (Achterberg et al., 2013) . Two early studies of pain thresholds in PWD confirmed this preservation of physical component of pain experience (Kunz, Lautenbacher, LeBlanc, & Rainville, 2012) . The findings of these studies revealed that there is no significant difference in the pain threshold between PWD and cognitively intact older adults. Therefore, there is ample evidence, that although PWD often are unable to self-report pain, they do experience pain from the same sources as cognitively intact people do.
Affective Pain
While most pain signals are transmitted through the spinal cord to the midbrain, further study has shown that subcentral mechanisms in the thalamus are also activated and then advance to the reticular activating system, an area that processes input from the cortex, cranial nerves, limbic system, hypothalamus, and locus ceruleus. This finding lends credence to the fact of the affective component of pain experience, because hypothalamus, locus ceruleus, and limbic system are associated with fear, anxiety, primitive emotion, and stress (Wilson, Uhelski, & Fuchs, 2008 ).
The limbic system is primarily responsible for the processing of the affective component of pain experience. Further pain-modulating processes occur in the hypothalamus, midbrain, and periaqueductal gray. Also, memory plays a significant role in the processing of pain, fear, anxiety, and expectation (Rudich, Lerman, Gurevich, & Shahar, 2010) . Therefore, with impaired memory there is no anticipatory anxiety and fear associated with impending pain, at the same time, there is no protective effect of guarding as those with dementia continue their usual physical movements, unaware that the pain they perceive is due to moving a limb for example.
As shown previously, it is still unclear if PWD experience significant changes in the physical component of pain experience. However, the affective components of pain experience are often significantly compromised in PWD. In other words, PWD experience less affective pain than cognitively intact older adults. Also, they have lower levels of expectation and arousal for pain (Kovach, 2013) . For example, as PWD are anticipating the pain of venipuncture, they do not experience an increase in heart rate, however they experience increased heart rate after venipuncture. And perhaps they experience more distress after venipuncture because their cognitive impairment does not allow them to make sense of the pain, to decrease anxiety by knowing that the action causing pain is now ceased.
This diminished processing of affective component of pain experience in PWD may be explained by recent neuropathologic studies of dementia that have revealed some degrees of atrophy in the amygdala, along with atrophy in the frontal cortex and neurofibrillary pathology. These regions of the brain are the major components of the limbic system and are mainly responsible for the processing of the affective component of pain experience (Kovach, 2013) . Other neuropathologic studies have revealed that the disease process of dementia causes the formation of amyloid plaques in the brain tissues involved in the processing of affective pain including the amygdala, thalamic tracts/nuclei, and hypothalamic tracts/nuclei. These amyloid plaques deform these brain tissues, causing impairment. Furthermore, the psychotic symptoms of dementia may cause further impairments in in the affective pain (Wilson et al., 2008) .
In addition to the neuropathological effects and psychotic symptoms of dementia, the affective pain may be compromised by the overall memory loss caused by dementia (Rudich et al., 2010) . Memory loss would surely change the affective pain in PWD. However, the change in affective pain in PWD caused by memory loss is still not clearly understood. Some studies suggest that memory loss could decrease the affective pain in PWD by reducing the expectation of pain due to the lack of adaptation to painful stimuli (Rudich et al., 2010) . Yet cognitive impairment also prevents the person from understanding cause and effect of pain and making adjustments to ameliorate pain as persons with intact cognitive abilities do.
Pain Assessment

Self-Report Tools
Although PWD have difficulty self-reporting their pain, they are still able to use some words to express pain intensity especially those with mild to moderate dementia (Horgas et al., 2007; Kovach, 2013; Scherder & Plooij, 2012) . Also, PWD may be able to use self-report tools such as the FACES scale or Visual Analog Scale (VAS) (Kovach, 2013; Scherder & Plooij, 2012) , which are simple and easy to use. These scales mainly measure pain intensity, frequency, and location. The VAS represents a continuum of the subjective feeling of pain to be rated with two opposite ends of extremes. For example, the visual analogue scale would be marked with 'no pain' (0) at one end and `severe pain' (10) at the other. The VAS is one of the most commonly and frequently used tools to assess pain in older adults (Lin, Lin, Shyu, & Hua, 2011) . Some recent research studies have indicated that older adult patients often prefer using the VAS when given a choice (Hadjistavropoulos et al., 2014; Horgas et al., 2007; Zwakhalen, Hamers, & Berger, 2007) . Consistently, several studies have suggested that self-report tools such as the VAS and Faces Pain Scale are still a reasonable and accurate method to assess pain in older adults with mild dementia (Hadjistavropoulos et al., 2014; Horgas et al., 2007; Sheu et al., 2012; Zwakhalen et al., 2007) . Also, up to 90% of older adults with moderate dementia were recently shown to be able to use the VAS accurately. Further, even in severe dementia, there were still older adults capable of using this instrument (Lin et al., 2011) .
Observational Pain Tools in Dementia
When older adults with advanced dementia become unable to report their pain, it is recommended that nurses use observation of pain behaviors to assess pain (Scherder & Plooij, 2012) . Observational pain tools are more likely to capture well-established ingrained spontaneous human expressions of physical pain, rather than relying on affective pain experiences or cognitive interpretation of the sensory experience. These expressions include changes in behavior associated with pain such as facial grimacing or crying out in response to pain stimuli, scratching, pushing, odd position or body guarding, rubbing, bracing, and restlessness (Horgas et al., 2007; Zwakhalen et al., 2007) . Observational pain tools capture these changes in behaviors to assess pain in PWD. Therefore, the nurses making decisions about pain assessment and management in PWD based on these changes needs to become familiar and know more about using observational pain tools in PWD. In addition to these behavioral changes, it has been revealed that facial expression is the most common and frequently assessed behavior indicator for pain in PWD (Horgas et al., 2007) .
In general, changes in facial expression may help in pain assessment by showing changes associated with that pain is being experienced (Horgas et al., 2007) . The facial changes that arise during pain have been studied for many years (Fridlund, 2014; Oosterman, Zwakhalen, Sampson, & Kunz, 2016) . Although some variation has been reported, there is substantial agreement across research studies that facial changes are likely to occur more frequently and intensively when people experience pain (Oosterman et al., 2016; 10; Lin et al., 2011; Zwakhalen & Hamers, 2012) . Studies of pain and aging have demonstrated that the facial expression of pain remains consistent, even among older adults with mild dementia. Moreover, older adults with advanced dementia may have an enhanced facial expression of pain because of diminished inhibitory controls (Oosterman et al. 2016 ).
The main observational tools available to be used by nurses to assess pain in PWD include: Pain Assessment Checklist for Seniors with Limited Ability to Communicate-Dutch PACSLAC-D (Zwakhalen & Hamers, 2012; Zwakhalen et al., 2007) ; The Doloplus-2 scale (Chen, Lin, & Watson, 2010,) ; Mahoney Pain Scale (MPS) (Mahoney & Peters, 2008) ; Certified Nursing Assistant Pain Assessment Tool (CAPT) (Cervo et al., 2007) ; Non-Communicative Patient's Pain Assessment Instrument (NOPPAIN) (Horgas et al., 2007) ; Pain Assessment Checklist for Seniors with Limited Ability to Communicate (PACSLAC) (Fuchs-Lacelle & Hadjistavropoulos, 2004) ; and Pain Assessment in Advanced Dementia (PAINAD) (Warden, Hurley &, Volicer, 2003) . .
Despite the relatively large number of existing observational tools for pain assessment in PWD, some tools have been rated consistently more effective in literature reviews involving psychometric comparisons. Those tools with consistently positive evaluations include the Doloplus-2 (Chen et al., 2010; Hadjistavropoulos et al., 2014) ; the PACSLAC (Fuchs-Lacelle & Hadjistavropoulos, 2004; Zwakhalen et al., 2007; Zwakhalen et al., 2012) ; the Abbey (Van Iersel, Timmerman, & Mullie, 2006) ; and the PAINAD (Warden, Hurley, & Volicer, 2003) . Also, the National Nursing Home Pain Collaborative (NNHPC) has considered the NOPPAIN (Horgas et al., 2007) to have strong psychometric properties. However, there is still no one tool that meets all purposes, and clinicians must consider the evidence and clinical usefulness of recommended tools for their specific population and setting. Many studies have examined psychometric properties across scales and investigated unique characteristics of tools that may make them stronger or weaker from a clinical perspective.
Psychometric Properties
Reliability
All previously mentioned observational pain tools were tested in nursing homes, and the majority of them had either strong or good internal consistency with an average range (α= 0.75-0.92) (Chen et al., 2012; Fuchs-Lacelle & Hadjistavropoulos, 2004; Horgas et al., 2007; Mahoney & Peters, 2008; Zwakhalen et al., 2007; Zwakhalen et al., 2012) . Two recent studies (Chen et al., 2012; Lin et al., 2011) reported moderate to very high test-retest reliability for the Doloplus-2 and the PAINAD, respectively. The inter-rater reliability of the MOBID, NOPPAIN, PACSLAC, MPS, and PACSLAC-D scales are considered moderate to very high with an average range (κ= 0.53 -0.94), indicating that two different nurses rated the behaviors similarly. The inter-rater reliability of the Doloplus-2 scale and PAINAD is high (ICC= 0.86) (Chen et al., 2012; Lin et al., 2011) . However, the inter-rater reliability of two tools, the PAINAD and PACLAC, has been tested in nursing homes in both pleasant and unpleasant situations. It is important for the assessment tools to be administered at different times of day and during different situations because pain is not constant; it varies throughout the day and according to level of activity (Horgas & Miller, 2008) .
Validity
The validity was not established for all observational pain tools in the original studies. Since some observational tools were developed without direct input from PWD and they were used alone, it is difficult to establish their validity. However, some researchers have conducted validity tests for their observational tools, such as the PACSLAC and NOPPAIN (Fuchs-Lacelle & Hadjistavropoulos, 2004; Horgas et al., 2007) . The validity of the PACSLAC was assessed by calculating the correlation between the level of pain intensity measured by the VAS and the total PACSLAC scores (r = 0.54, p = .001) (Fuchs-Lacelle & Hadjistavropoulos, 2004) . Validity of the NOPAIN was assessed by calculating its correlation with a Numeric Rating Scale (NRS) (r= 0.66, p ≤ 0.05) and a Verbal Descriptor Scale (VDS) (r= 0.66, p ≤ 0.05) (Horgas et al., 2007) .
No study has tested the sensitivity and specificity tests for the NOPPAIN, PACSLAC, and Abbey on nursing home residents. A recent study (Jordan, Regnard, O'Brien, & Hughes, 2012) stated clearly that although the PAINAD tool has a high sensitivity (92%), it has a low specificity (62%) for pain. The low specificity is due to the fact that the PAINAD tool also measures distress not caused by pain. Although Chen et al. address the sensitivity and specificity of the Doloplus-2 scale, they do not report numerical values of both tests. According to Chen et al. the Doloplus-2 scale had high sensitivity and low specificity in pain assessment. Table 1 below summarize and compare between the psychometric properities of the Observational pain tools. 
Remaining Controversy
The best assessment method of Pain in PWD is still controversial. After reviewing the literature, it has been revealed that there are three different positions on what the best assessment method has to be used for pain assessment in PWD. It is not clear if self-report tools are sufficient to assess pain in PWD if they can still self-report. For people with severe dementia or communication deficit, observational tools are the best method or strategy to assess pain (Cervo et al., 2010 : Mahoney & Peters, 2008 . However, there is inconsistency of behavioral changes associated with pain in PWD. Also, no study identifies specific behavioral changes that certainly indicate the presence of pain in PWD. Nurses often use either a self-report tool or an observational tool to assess pain in PWD. However, some studies have revealed that nurses use a combination of both tools to assess pain and compare the scores of observational tools with the scores of self-report tools to validate them (Kovach, 2013) .
Some studies revealed that self-report tools are the most reliable measure of pain in PWD as long as they are able to self-report pain. For those PWD, it is recommended that self-report of pain attempted regardless of their cognitive impairment (Kovach, 2013) , keeping in mind that it may not be enough alone. Nurses should be responsible for fostering productive discussions about pain with PWD. For example, nurses should be trained in how to determine the patient's preferred terminology of pain. PWD need to be frequently asked about some pain related term such as discomfort, aching, or soreness. Hence, PWD no longer deny their pain after nurses reword the question with other pain related terms. For example, nurses could ask, "Do you hurt anywhere?" or "Are you uncomfortable?" to rule out pain or discomfort. Once a nurse establishes the preferred pain terminology for PWD he or she needs to document it, communicate it to other healthcare providers, and use it throughout the treatment trajectory (Snow et al., 2004) . Another factor that could help foster pain self-reporting is to allow sufficient time for PWD to process the question asked and then formulate a response (Herr & Garand, 2001) . Findings in a recent study (Snow et al.) indicated that 83% of PWD in a nursing home were able to respond to a self-report tool. According to the study, self-report tools alone are more sufficient to assess pain in communicating PWD. In this particular case, using additional types of pain assessment may cause confusion and inconsistencies among nurses. Also, self-report pain tools are easier to use by nurses, more understandable by patients, and practical and known across the clinical settings (Gregory & Richardson, 2014) . It is worth trying to use self-report tools, because some PWD will be able to use them, it promotes dignity by giving them the chance to use it.
In contrary, some studies have reported that self-report alone is insufficient, and observational pain assessment tools are needed for PWD even if they are communicating. Impaired memory and language disabilities caused by dementia impede the ability of PWD to meaningfully self-report their painful experiences. Other confounding factors include delirium, altered level of consciousness, presence of an endotracheal tube, sedatives, and neuromuscular blocking agents (Herr, Coyne, McCaffery, Manworren, & Merkel, 2011) . Furthermore, the pathologic changes in dementia seriously affect the ability of those with advanced stages of disease to communicate pain effectively and meaningfully. Damage to the central nervous system affects memory, language, and higher-order cognitive processing necessary to communicate the experience (Herr et al., 2011) .
There is also a different third position on the best assessment method of pain in PWD adopted by American Society for Pain Management (ASPM). According to ASPM, there is no single pain assessment method sufficient by itself. Therefore, both self-report and observation pain tools are recommended by the ASPM for PWD, regardless of their ability to self-report. Also, according to a research study (Gilmore-Bykovskyi & Bowers, 2013) , pain management is a multidimensional clinical process requiring thorough and systematic assessment, using a combination of both self-report and observational pain tools. Furthermore, According to Monroe, Gore, Chen, Mion, and Cowan (2012) , the multidimensional model of pain assessment suggests incorporating neuroimaging techniques into the assessment process of pain. This leads to expand nurses' understanding of pain perception in people with dementia as well as the structural and functional changes, which happen in their brain. Also, the multidimensional model of pain assessment succeeds in interpreting the complex relationship among dementia pathology, brain activation, and pain reports.
Conclusion
Pain in PWD is still unrelieved due to the complexity of pain assessment, cognitive impairment, and communication deficit in PWD. To date, there is no single tool captures both components of pain experience in PWD. Furthermore, affective component of pain experience measured by self-report tools is compromised in PWD. Moreover, there is inconsistency of behavioral changes among PWD thereby making the assessment of the physical component of pain experience complicated. Therefore, it is still controversial whether self-report tools, observational pain tools, or self-report tools and observational pain tools combined together is sufficient for pain assessment in PWD. Future research is recommended to properly address both components of pain experience (physical and affective) in PWD together in one assessment model to obtain more comprehensive pain-assessment protocol. Also, a new paradigm for pain assessment is needed which includes neuroimaging techniques.
